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Sejak beberapa dekad yang lalu, effluen kilang kelapa sawit (POME) merupakan salah 
satu isu utama alam sekitar di negara kita. Disebabkan piawai pelepasan yang ketat, 
banyak kilang kelapa sawit tidak dapat mematuhi piawai yang tertakluk dalam undang-
undang alam sekitar. Oleh itu, sistem penggilapan rawatan POME telah dikembangkan 
dan dilaksakan untuk meningkatkan prestasi proses rawatan biologi selepas rawatan 
sistem kolam. Walaupun demikian, proses rawatan biologi masih tidak dapat mencapai 
piawai pelepasan yang ditetapkan mungkin disebabkan reka bentuk sistem rawatan 
POME yang tidak sesuai. Bagi mencari punca kegagalan rawatan POME dalam 
pematuhan piawai pelepasan yang tertakluk dalam undang-undang, ciri-ciri POME and 
kajian kinetik rawatan POME telah dijalankan untuk memperolehi maklumat yang sesuai 
dalam rekaan bentuk sistem rawatan POME. Dalam kajian ini, penentuan komposisi 
fizikal telah dijalankan melalui proses pengeringan dan penyalaan, manakala analisis 
penagihan saiz zarah (PSD) dijalankan melalui proses penapisan dengan menggunakan 
kertas turas saiz liang yang berbeza seperti 2 µm, 5 µm, 10 µm, 20 µm, 50 µm and 100 
µm. Daripada keputusan kajian ini, sebanyak 46% pepejal tetap keseluruhan (TFS) 
didapati terkandung dalam pepejal keseluruhan (TS) dan sebanyak 63% pepejal 
keseluruhan terdiri daripada zarah-zarah pepejal dengan saiz 20-50 m dan 50-100 m. 
Selain itu, komposisi kimia utama dalam POME adalah keperluan oksigen biokimia 
(BOD) dan keperluan oksigen kimia (COD). Oleh itu, keperluan oksigen biokimia 
muktamad (L0) telah diramalkan melalui kaedah kajian kinetik BOD seperti Least Square 
Method, Fujimoto Method, Thomas Graphical Method, Log Different Method and 
Method of Moment dengan menggunakan keputusan BOD 7-hari anaerobik terawat 
POME. Manakala, penentuan pecahan COD anaerobik terawat POME seperti keperluan 
oksigen kimia bioterurai (bCOD) dan keperluan oksigen kimia bioterurai mudah larut 
(srbCOD) juga telah dijalankan serentak dengan kajian kinetik proses enapcemar teraktif 
dalam rawatan POME. Daripada kajian tersebut, didapati L0, bCOD dan srbCOD masing-
masing dalan kepekatan 1,139 mg/L, 1,235 mg/L and 719 mg/L. Bagi menyiasat kesan-
kesan keadaan operasi dalam kajian rawatan POME dengan menggunakan enapcemar 
teraktif, keadaan operasi seperti pH awal POME, masa pengekalan hidraulik (HRT), kadar 
muatan organik (OLR), pepejal terampai mudah meruap dalam campuran keras (MLVSS), 
masa pengekalan pepejal (SRT) dan kepekatan gula sebagai sumber karbon luaran telah 
dipilih dalam kajian ini.  Kecekapan enapcemar teraktif dalam rawatan anaerobik terawat 
POME telah dinilaikan di bawah keadaan aerobik berdasarkan nisbah makanan dan 
mikroorganisma (F/M ratio) dalam 0.3 kg BOD/kg MLVSS/hari dan didapati keadaan 
operasi terbaik masing-masing adalah pada nilai 6.5 ± 0.1, 48 jam, 0.31 g BOD3/L.hari, 
2000 ± 200 mg/L, 10 hari and 50 mg/L dengan kecekapan penyingkiran COD dan BOD 
masing-masing sehingga 62 - 68% dan 60 – 65%. Dengan menggunakan nilai ciri-ciri 
POME dan keadaan operasi optimum, kajian kinetik rawatan POME dijalankan untuk 
memperolehi parameter kinetic.  Dalam kajian ini, parameter kinetik bagi asas COD dan 
BOD telah didapati, di mana pekali hasil maksimum (Y), pekali pereputan dalam (kd), 
kadar penggunaan substrat spesifik maksimum (k) dan pemalar-halaju-separuh (Ks) yang 
didapati pada nilai masing-masing 0.2369 mg VSS/mg COD, 0.1060 hari-1, 2.2717 hari-1 
and 758.7705 mg/L bagi asas COD, manakala nilai parameter kinetik untuk asas BOD 
masing-masing ialah 0.6718 mg VSS/mg BOD3, 0.0658 hari
-1, 1.4136 hari-1 and 556.1526 
mg/L. Akhirnya, nilai-nilai yang diperolehi digunakan dalam mereka sistem rawatan 
POME dan membuat perbandingan dengan sistem rawatan POME yang direka dengan 
merujuk kepada nilai-nilai piawai yang dicadangkan oleh Jabatan Alam Sekitar yang 
diperolehi daripada loji rawatan air kumbahan.  
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ABSTRACT 
Due to the more stringent discharge standard of the environmental regulation, many palm 
oil mills are struggled to meet the compliance. Thus, the polishing treatment plant for 
palm oil mill effluent (POME) discharge are developed and implemented to enhance the 
biological treatment process after the conventional ponding system Nevertheless, the 
biological treatment process yet to achieve the required discharge standard due to the 
inappropriate system design. Thus, characterization of POME and kinetic study of POME 
treatment was conducted to obtain the appropriate information for the POME treatment 
system design. In this study, physical composition determination was carried out through 
the drying and ignition process of anaerobic treated POME sample for solids contents 
analysis and particle size distribution (PSD) analysis was conducted via filtration process 
by using different pore size of filter paper (namely 2 µm, 5 µm, 10 µm, 20 µm, 50 µm 
and 100 µm). There was about 46% of total fixed solids (TFS) had been found in total 
solids (TS) of POME and 63% of TS was contributed by solids particle with particle size 
of 20-50 m and 50-100 m. Besides, major contribution of chemical constituent in 
POME were biochemical oxygen demand (BOD) and chemical oxygen demand (COD). 
Hence, ultimate biochemical oxygen demand (L0) was estimated through BOD kinetic 
study methods, namely Least Square Method, Fujimoto Method, Thomas Graphical 
Method, Log Different Method and Method of Moment after conducting the 7-days BOD 
testing of anaerobic treated POME sample. While COD fractional of POME, namely 
biodegradable COD (bCOD) and soluble readily biodegradable (srbCOD) were 
determined concurrent with the kinetic study of activated sludge process in POME 
treatment. From the study, uBOD, bCOD and srbCOD was found at 1,139 mg/L, 1,235 
mg/L and 719 mg/L, respectively. In order to investigate the effect of operating conditions 
on POME treatment using activated sludge, the selected operating conditions in this study 
were initial pH, hydraulic retention time (HRT), organic loading rate (OLR), initial mixed 
liquor volatile suspended solids (MLVSS), solid retention time (SRT), and molasses 
concentration added as a carbon source. The efficiency of activated sludge was evaluated 
by treating the anaerobic treated POME under aerobic conditions based on the Food to 
Microorganism (F/M) ratio of 0.3 kg BOD/kg MLVSS.day. The best operating condition 
for initial pH, HRT, OLR, initial MLVSS, SRT, and molasses concentration were found 
to be 6.5 ± 0.1, 48 hours, 0.31 g BOD3/L.day, 2000 ± 200 mg/L, 10 days and 50 mg/L, 
respectively at the removal of chemical oxygen demand (COD) and biochemical oxygen 
demand (BOD) in POME ranging from 62 - 68% and 60 – 65% respectively. By using 
the result of characterization and optimum operating condition of POME treatment, 
kinetic study of POME treatment by activated sludge system were carried out to obtain 
the kinetic parameters for the POME treatment. From this kinetic study, the kinetic 
parameters for COD and BOD basis had been determined for maximum yields coefficient 
(Y), endogenous decay coefficient (kd), maximum specific substrate utilization rate (k) 
and half-velocity constant (Ks) at 0.2369 mg VSS/mg COD, 0.1060 day
-1, 2.2717 day-1 
and 758.7705 mg/L for COD basis whilst the kinetic parameters value for BOD basis 
were 0.6718 mg VSS/mg BOD3, 0.0658 day
-1, 1.4136 day-1 and 556.1526 mg/L, 
respectively. These kinetics parameters were important in designing the POME treatment 
system that is able to meet the standard as the design using DOE default value has been 
shown to under-design and failure to meet the required standard.  
v 
TABLE OF CONTENT 
DECLARATION 
TITLE PAGE  
ACKNOWLEDGEMENTS ii 
ABSTRAK  iii 
ABSTRACT iv 
TABLE OF CONTENT v 
LIST OF TABLES ix 
LIST OF FIGURES x 
LIST OF SYMBOLS                                                             xiii 
LIST OF ABBREVIATIONS xvi 
LIST OF APPENDICES     xviii 
 
CHAPTER 1 INTRODUCTION              1 
1.1  Introduction               1 
1.2  Problem Statement              2 
1.3 Objectives of Study              3 
1.4 Scope of Study              4 
1.5 Significant of Study              5 
 
CHAPTER 2 LITERATURE REVIEW                       7 
2.1 Introduction               7 
2.2 Palm Oil Industry              7 
 2.2.1 History of Palm Oil in Malaysia           8 
 2.2.2 Supply and Demand for Palm Oil and Its Related Issues        8 
 2.2.3 Production of Palm Oil                                 10 
 2.2.4 Waste Generated from Palm Oil Production         11 
 2.2.5 Characteristic and Regulation on POME         11 
2.3 Treatment Technology for POME           16 
 2.3.1 Conventional Method            17 
vi 
 2.3.2 Advance Treatment of POME                     18 
 2.3.3 Current Issues in POME Treatment           20 
2.4 Activated Sludge Process            21 
 2.4.1 Principles of Activated Sludge Treatment         22 
 2.4.2 Factors Affecting Activated Sludge          23 
2.5 Kinetic Study of BOD           27 
 2.5.1 Least Square Method           29 
 2.5.2 Fujimoto Method           30 
 2.5.3 Thomas Graphical Method          31 
 2.5.4 Log Different Method           31 
 2.5.5 Method of Moment           32 
2.6 Fractional Studies of Chemical Oxygen Demand (COD)          32 
2.7 Kinetic Study of Activated Sludge Process         35 
2.8 Design Calculation of Wastewater Treatment Plant        40 
 
CHAPTER 3 MATERIALS AND METHOD         42 
3.1 Introduction             42 
3.2 Characteristic of Anaerobic Treated POME         42 
 3.2.1 Physical Composition           43 
 3.2.2 Chemical Composition          45 
 3.2.3 Other Measurements           47 
3.3 Characterization of Activated Sludge          48 
3.4 POME Treatment by Activated Sludge Process        49 
 3.4.1 Acclimatization of Activated Sludge in POME       49 
 3.4.2 Effect of Operating Parameters on POME Treatment by Activated    
                        Sludge Process           50 
3.5 BOD Kinetic Study of POME          53 
 3.5.1 BOD Kinetic Parameters Estimation         53 
 3.5.2 Evaluation of Different Kinetic Study Methods       55 
3.6 Chemical Oxygen Demand (COD) Fractional Studies of POME      56 
 3.6.1 Determination of Biodegradable Chemical Oxygen Demand  
(bCOD)                               56 
 3.6.2 Determination of Soluble Readily Biodegradable Chemical Oxygen    
                        Demand (srbCOD) and Soluble Nonbiodegradable Chemical Oxygen   
vii 
                        Demand (snbCOD)                                                                                 58 
3.6.3 Determination of Particulate Slowly Biodegradable Chemical 
Oxygen Demand (psbCOD) and Particulate Nonbiodegradable 
Chemical Oxygen Demand (pnbCOD) 59 
3.7 Kinetic Study of Activated Sludge Process in POME Treatment      59 
3.8 Design Calculation of POME Treatment System                              61
             
CHAPTER 4 RESULTS AND DISCUSSION         62 
4.1 Characterization of Anaerobic Treated POME        62 
 4.1.1 Physical Composition           62 
 4.1.2 Chemical Composition          66 
4.2 Effect of Operating Parameters on POME Treatment by Activated Sludge 
Process                            68 
 4.2.1 Effect of pH             68 
 4.2.2 Effect of Hydraulic Retention Time (HRT)         71 
 4.2.3 Effect of Organic Loading Rate (OLR)         73 
 4.2.4 Effect of Mixed Liquor Volatile Suspended Solid (MLVSS)      75 
 4.2.5 Effect of Solid Retention Time (SRT)         77 
 4.2.6 Effect of External Carbon Source          79 
4.3 BOD Kinetic Study of POME           81 
4.3.1 Least Square Method            82 
 4.3.2 Fujimoto Method            83 
4.3.3 Thomas Graphical Method           83 
 4.3.4 Log Different Method            84 
 4.3.5 Method of Moment            85 
 4.3.6 Evaluation of BOD Kinetic Study Methods         87 
4.4 Chemical Oxygen Demand (COD) Fractional Studies of POME       90 
 4.4.1 Determination of Biodegradable Chemical Oxygen Demand  
                        (bCOD)                                                                                                    90 
 4.4.2 Determination of Soluble Readily Biodegradable COD (srbCOD)  
             and Soluble Nonbiodegradable COD (snbCOD)                   91 
4.4.3 Determination of Particulate Slowly Biodegradable COD (psbCOD)  
            and Particulate Nonbiodegradable COD (pnbCOD)        92 
4.5 Kinetic Study of Activated Sludge Process in POME Treatment       94 
viii 
4.6 Design Calculation of POME Treatment Plant         97 
 
CHAPTER 5 CONCLUSIONS AND RECOMMENDATIONS                 103 
5.1 Conclusions            103 
5.2 Recommendations           104 
 
REFERENCES            105 
 
PUBLICATIONS            140 
 
ix 
LIST OF TABLES 
Table 2.1 Summary of supply and demand for palm oil in 2017 and 2018                       9 
Table 2.2  Palm oil production in Malaysian Oil Palm Industry in 2017 and 2018     11 
Table 2.3  Characteristic of raw POME from other studies                                                    12 
Table 2.4 Characteristic of anaerobic treated POME from other studies                       13 
Table 2.5 Categorization of particles in different types of particles size                        15 
Table 2.6 POME advance treatment methods from other studies                                      18 
Table 3.1 Analyses used in the project and their corresponding reagents                      45 
Table 3.2  Sample volume required in BOD measurement                                                     46 
Table 3.3 Parameters monitored for difference activated sludge sample  
and supernatant during acclimatization periods                                                     50 
Table 3.4 Range of operating parameters studied in POME treatment                            50 
Table 4.1  BOD result for three samples of POME during 7-days incubation               81 
Table 4.2  Computation table for L0 and k determination by using least  
square methods            82 
Table 4.3 Computation table for BOD (y) and yt for BOD 7 days                                      87 
Table 4.4  Summary of BOD kinetic parameters for POME                                                 87 
Table 4.5  Sum of absolute differences between the observed BOD and  
estimated BOD for different kinetic study methods          89 
Table 4.6  Summary of BOD kinetic parameters for other industry       90 
Table 4.7 Performance data for fractional studies of bCOD of POME        91 
Table 4.8  Performance data for fractional studies of srbCOD and snbCOD  
of POME                         92 
Table 4.9  Calculated data for fractional studies of psbCOD and pnbCOD  
of POME                         92 
Table 4.10 Specific growth rate, specific substrate utilization rate, reciprocal  
substrate utilization rate and reciprocal substrate concentration on  
BOD3 basis at different solid retention time for anaerobic treated  
POME                                                                     94 
Table 4.11  Specific growth rate, specific substrate utilization rate, reciprocal  
substrate utilization rate and reciprocal substrate concentration on  
COD basis at different solid retention time for anaerobic treated  
POME                                        95 
 
x 
Table 4.12  Summary of kinetic parameters for the POME treatment by  
activated sludge process           97 
xi 
LIST OF FIGURES 
Figure 1.1  Objective of study with description of target objective          4 
Figure 2.1  Export of palm oil product by destination in 2017 and 2018       10 
Figure 2.2 Conventional ponding treatment system of POME         17 
Figure 2.3  Schematic flow diagram of activated sludge process                22 
Figure 2.4 Fractionation of COD in wastewater                33 
Figure 2.5  Schematic diagram of the activated sludge process in a batch system        35 
Figure 3.1 Schematic diagram of aeration tank for activated sludge process in  
POME treatment            56 
Figure 4.1  Scheme of fractionation of solid content in anaerobic treated POME  
sample              64 
Figure 4.2 Solid particle fractionation of anaerobic treated POME sample      65 
Figure 4.3  Effect of initial pH on the pH after treatment and specific oxygen  
uptake rate of POME with operating condition: HRT = 48 hours,  
SRT = 7 days, MLVSS = 2,000 ± 200 mg/L, OLR = 0.31 g  
BOD3/L.day, molasses concentration = 20 mg/L        70 
Figure 4.4  Effect of initial pH of POME on MLVSS:MLSS ratio and BOD3  
and COD reduction of POME with operating condition: HRT = 48  
hours, SRT = 7 days, MLVSS = 2,000 ± 200 mg/L, OLR = 0.31 g  
BOD3/L.day, molasses concentration = 20 mg/L        71 
Figure 4.5  Effect of HRT of POME on pH after treatment and specific oxygen  
uptake rate of POME with operating condition: initial pH of the  
POME = 6.5 ± 0.1, SRT = 7 days, MLVSS = 2,000 ± 200 mg/L,  
OLR = 0.31 g BOD3/L.day, molasses concentration = 20 mg/L      72 
Figure 4.6 Effect of HRT of POME on MLVSS:MLSS ratio and BOD3  
and COD reduction of POME with operating condition: initial pH  
of the POME = 6.5 ± 0.1, SRT = 7 days, MLVSS = 2,000 ± 200  
mg/L, OLR = 0.31 g BOD3/L.day, molasses concentration = 20  
mg/L              73 
Figure 4.7  Effect of OLR of POME on pH after treatment and specific oxygen  
uptake rate with operating condition: the initial pH = 6.5 ± 0.1, HRT  
= 48 h, SRT = 7 days, MLVSS = 2,000 ± 200 mg/L, molasses  
concentration = 20 mg/L           74 
 
xii 
Figure 4.8  Effect of OLR of POME on MLVSS:MLSS ratio and BOD3  
and COD reduction of POME with operating condition: the initial  
pH = 6.5 ± 0.1, HRT = 48 h, SRT = 7 days, MLVSS = 2,000 ±  
200 mg/L, molasses concentration = 20 mg/L        75 
Figure 4.9  Effect of initial MLVSS of POME on pH after treatment and  
specific oxygen uptake rate with operating condition: the initial  
pH = 6.5 ± 0.1, HRT = 48 h, OLR of 0.31 g BOD3/L.day,  
SRT = 7 days, molasses concentration = 20 mg/L        76 
Figure 4.10  Effect of initial MLVSS of POME on MLVSS:MLSS ratio and 
 BOD3 and COD reduction with operating condition: the initial  
pH = 6.5 ± 0.1, HRT = 48 h, OLR of 0.31 g BOD3/L.day,  
SRT = 7 days, molasses concentration = 20 mg/L        77 
Figure 4.11  Effect of SRT of POME on pH after treatment and specific  
oxygen uptake rate of POME with operating condition: the  
initial pH = 6.5 ± 0.1, HRT = 48 h, OLR of 0.31 g BOD3/L.day,  
MLVSS of 2,000 ± 200 mg/L, molasses concentration =  
20 mg/L                 78 
Figure 4.12  Effect of SRT of POME on MLVSS:MLSS ratio and BOD3  
and COD reduction of POME with operating condition: the initial  
pH = 6.5 ± 0.1, HRT = 48 h, OLR of 0.31 g BOD3/L.day, MLVSS 
of 2,000 ± 200 mg/L, molasses concentration = 20 mg/L       79 
Figure 4.13  Effect of molasses as external carbon source concentration on  
pH after treatment and specific oxygen uptake rate of POME  
with operating condition: initial pH = 6.50 ± 0.1, MLVSS = 2000 
 ± 200 mg/L, SRT = 10 days, HRT = 48 h, OLR = 0.31 g  
BOD3/L.day                                      80 
Figure 4.14  Effect of molasses as external carbon source concentration  
On MLVSS:MLSS ratio and BOD3 and COD reduction with  
operating condition: initial pH = 6.50 ± 0.1, MLVSS = 2000 ±  
200 mg/L, SRT = 10 days, HRT = 48 h, OLR = 0.31 g  
BOD3/L.day                                                                               81 
Figure 4.15  Plot of BODt+1 versus BODt and plot of the straight line with a  
slope of 1             83 
Figure 4.16  Plot of (t/y)1/3 as a function of time, t (days)         84 
xiii 
Figure 4.17  Plot of log (dy/dt) versus time, t (days)         85 
Figure 4.18  Moore’s diagram for BOD – 7 days          86 
Figure 4.19 Plot of Observed BOD (yo) versus Estimated BOD (ye) value for  
different kinetic study methods          88 
Figure 4.20  Mean concentration value of COD fractional for anaerobic treated  
POME              93 
Figure 4.21  Plot of specific growth rate versus substrate utilization rate for  
maximum yields coefficient (Y) and endogenous decay coefficient 
 (kd) determination by using BOD3 and COD result        96 
Figure 4.22 Plot of reciprocal substrate utilization versus reciprocal effluent  
for maximum specific substrate utilization rate (k) and half-velocity  
constant (Ks) determination by using BOD3 and COD result       97 
Figure 4.23  Comparison of biological aeration tank volume design calculation  
based on BOD and COD basis in this study with DOE design criteria     100 
Figure 4.24  Comparison of hydraulic retention time for biological aeration  
tank volume design calculation based on BOD and COD basis in  
this study with DOE design criteria                   101 
Figure 4.25  Comparison of F/M ratio for biological aeration tank volume  
design calculation based on BOD and COD basis in this study with  




LIST OF SYMBOLS 
fb   Biodegradable fraction of VSS 
k Maximum specific substrate utilization rate (day-1) 
kd  Endogenous decay coefficient (day
-1) 
Ks  Half-velocity constant (mg/L of BOD) or (mg/L of COD) 
k1 Reaction rate constant (1/day) 
L0  Ultimate carbonaceous BOD (mg/L) 
Lr BOD remaining after time, t (mg/L) 
m   Number of data point minus one 
n  No of days of incubation for the serial BOD test 
Qi   Flowrate of influent (L/day) 
Qe    Flowrate of effluent (L/day) or (Qi - Qw)  
Qw   Flowrate of wasted sludge (L/day) 
rg  Net rate of biomass production (mg VSS/L.day) 
rsu   substrate utilization rate (mg/L.day) 
Se  Soluble substrate concentration in the effluent (mg/L) 
Si  Soluble substrate concentration in the influent (mg/L) 
SeBOD  Reciprocal substrate of BOD concentration (L/mg of BOD) 
SeCOD   Reciprocal substrate of COD concentration, (L/mg of COD) 
t  Time (day) 
U   Specific substrate utilization rate (day-1) 
UBOD  Specific substrate utilization rate of BOD (day
-1) 
UCOD  Specific substrate utilization rate of COD (day
-1) 
Vd  Volume of aeration tank (L) calculated by using DOE formula 
Vp  Volume of aeration tank (L) calculated by using industry formula 
Vr  Volume of aeration tank (L) 
X   Biomass concentration in the aeration tank (mg VSS/L) 
Xi  Biomass concentration in the influent (mg VSS/L) 
Xe  Biomass concentration in the effluent (mg VSS/L) 
Xw  Biomass concentration in the wasted sludge (mg VSS /L) 
Y  Yield coefficient (mg VSS/mg BOD) or (mg VSS/mg COD) 
y   BOD exerted at time t (mg/L) 
y’  Rate of change of BOD (mg/L.day) 
xv 
ye   Estimated BOD (mg/L) 
yo   Observed BOD (mg/L) 
   Hydraulic retention time (day) 
c   Solids retention time (days) 




LIST OF ABBREVIATIONS 
ABSR Anaerobic bench scale reactor 
ASBR Anaerobic sequencing batch reactor 
ASM1 Activated sludge model 1 
ASM2 Activated sludge model 2 
ASM2d Activated sludge model 2d 
ASM3 Activated sludge model 3 
AN Ammoniacal nitrogen 
BOD Biochemical oxygen demand 
BOD3 Biochemical oxygen demand – 3 days, 30C 
BOD5 Biochemical oxygen demand – 5 days, 20C 
cBOD Carbonaceous biochemical oxygen demand 
nBOD Nitrogenous biochemical oxygen demand 
uBOD Ultimate biochemical oxygen demand 
COD Chemical oxygen demand 
bCOD biodegradable chemical oxygen demand 
nbCOD Nonbiodegradable chemical oxygen demand 
pnbCOD Particulate nonbiodegradable COD 
psbCOD Particulate slowly biodegradable chemical oxygen demand 
srbCOD Soluble readily biodegradable chemical oxygen demand 
snbCOD Soluble nonbiodegradable chemical oxygen demand 
tCOD Total chemical oxygen demand 
TbOD Total biological demand 
CODit Initial total COD 
CODis Initial soluble COD 
CODism Initial mixture soluble COD 
CODitm Initial mixture total COD  
CODmb Mixture biomass COD 
CODipm Initial POME COD in mixture 
CODfpm Final POME COD in mixture 
DO Dissolved oxygen 
DOE Department of Environment 
FFB Fresh fruit bunch 
xvii 
FDS Fixed dissolved solid 
FSS Fixed suspended solid 
F/M Ratio Food to Microorganism Ratio 
HRT Hydraulic retention time 
IAAB Integrated anaerobic-aerobic bioreactor 
MLSS Mixed liquor suspended solid 
MLVSS  Mixed liquor volatile suspended solid 
MPOB Malaysian Palm Oil Board 
MW Molecular weight 
O&G Oil & grease 
OLR Organic loading rate 
OUR Oxygen uptake rate 
PAH’s Polycyclic aromatic hydrocarbons  
PAO’s Phosphorus accumulating organism 
POME  Palm oil mill effluent 
PSD Particle size distribution 
SBR Sequencing batch reactor 
SRT Solid retention time 
SS CODw Suspended solid COD 
SS CODim Initial mixture suspended solid COD 
SOUR Specific oxygen uptake rate 
TCMP 2-chloro-6-(trichloromethyl) pyridine 
TDS Total dissolved solid 
TN Total nitrogen 
TS Total solid 
TFS Total fixed solid 
TSS Total suspended solid 
TVS Total volatile solid 
UASB Upflow anaerobic sludge blanket 
VDS Volatile dissolve solid 





LIST OF APPENDICES 
APPENDIX A Raw data for characterization of anaerobic treated POME       121 
APPENDIX B  Raw data for experiment of effect of initial pH on POME 
   treatment                     122 
APPENDIX C  Raw data for experiment of effect of hydraulic retention 
   time on POME treatment                   124 
APPENDIX D Raw data for experiment of effect of organic loading rate 
   on POME treatment                    126 
APPENDIX E  Raw data for experiment of effect of mixed liquor volatile 
   Suspended solid on POME treatment                  128 
APPENDIX F  Raw data for experiment of effect of solid retention time on 
   POME treatment                    130 
APPENDIX G Raw data for experiment of effect of external carbon sources 
   on POME treatment                    132 
APPENDIX H Calculated data for BOD kinetic study of POME                134 
APPENDIX I  Raw data for aeration tank volume of activated sludge  





Abdullah, A.Z., Ibrahim, M.H. and Kadir, M.O.A. (2004). Treatment of palm oil mill 
effluent (POME) supernatants using aerobic attached growth system: trickling filter 
as a case study. Jurnal Teknologi. 40(F), 77-90. 
 
Adeleke, A. O., Latiff, A. A. A. and Al-Gheethi, A. A. and Daud, Z. (2017). Optimization 
of operating parameters of novel composite adsorbent for organic pollutants 
removal from POME using response surface methodology. Chemosphere. 174, 
232-242. 
 
Afroz, R. and Rahman, A. (2017). Health impact of river water pollution in Malaysia. 
International Journal of Advanced and Applied Sciences. 4(5), 78-85. 
 
Alhaji, A.M., Sanaullah, K., Lim, S.F., Khan, A., Hipolito, C.N., Abdullah, M.O., 
Bhawani, S.A. and Jamil, T. (2016). Photocatalytic treatment technology for palm 
oil mill effluent (POME) – A review. Process Safety and Environmental Protection. 
102, 673-686. 
 
Ali, F. (2019, February 24). Reason for price fluctuation. New Straits Time. Retrieved 
from http: //www.nst.com.my. 
 
Azmi, N.S. and Yunos, K.F.M. (2014). Wastewater treatment of palm oil mill effluent 
(POME) by ultrafiltration membrane separation technique coupled with adsorption 
treatment as pre-treatment. Agriculture and Agricultural Science Procedia. 2, 257-
264. 
 
Clarke, J.S. (2019, March 18). How palm oil sparked a diplomatic row between Europe 




Nambiappan, B., Ismail, A., Hashim, N., Ismail, N., Shahari, D.N., Idris, N. A. N., Omar, 
N., Salleh, K.M., Hassan, N. A. M. and Kushairi, A. (2018). Malaysia:100 years of 
resilient palm oil economic performance. Journal of Oil Palm Research. 30(1): 13-
25.  
 
Bashir, M.J.K., Chong, J.W., Ng, C.A and Amr. S.S.A. (2017). Electro persulphate 
oxidation for polishing of biologically treated palm oil mill effluent (POME). 
Journal of Environmental Management. 193, 458-469. 
 
Basri, M.F., Yacob, S., Hassan, M.A., Shirai, Y., Wakisaka, M., Zakaria, M.R. and Phang, 
L.Y. (2010). Improved biogas production from palm oil mill effluent by a scaled-
down anaerobic treatment process. World Journal of Microbiology and 
Biotechnology. 26, 505-514. 
 
Builtron, G., Gonzalez, A. and Lopez-marin, L.M. (1988). Biodegradation of phenolic 
compounds by an acclimated sludge and isolated bacteria. Water Science and 
Tehcnology. 37, 371-378. 
 
105 
Chan, Y.J., Chong, M.F., Law, C.L. (2010a). Biological treatment of anaerobically 
digested palm oil mill effluent (POME) using a Lab-Scale Sequencing Batch 
Reactor (SBR). Journal of Environmental Management. 91, 1738 – 1746. 
 
Chan Y.J., Chong M.F., Law C.L. (2010b). Effects of temperature on aerobic treatment 
of anaerobically digested palm oil mill effluent (POME). Industrial & Engineering 
Chemistry. 49(15), 7093-7101. 
Chan, Y.J., Chong, M.F. and Law, C.L. (2011). Optimization on thermophilic aerobic 
treatment of anaerobically digested palm oil mill effluent (POME). Biochemical 
Engineering Journal. 55, 193-198. 
 
Chan, Y.J., Chong, M.F. and Law C.L. (2012). An integrated anaerobic-aerobic 
bioreactor (IAAB) for the treatment of palm oil mill effluent (POME): Start-up and 
steady state performance. Process Biochemistry. 47, 485-495. 
 
Chavez, A., Jimenez, B. and Maya, C. (2004). Particle size distribution as a useful tool 
for microbial detection. Water Science & Technology. 50(2), 179-186. 
 
Chibuoghu, O., Nweke, C.O., Nwabueze, R.N., Anyanwu, B.N., Chigbo, L.O. and 
Nwanyanwu, C.E. (2011). Effects of abattoir wastes on ammonium and nitrite 
consumptions in a tropical fresh water ecosystem. Journal of Environmental 
Science and Technology. 4(6), 590-600. 
 
Chin, K.K., Lee, S.W. and Mohammad, H.H. (1996). A study of palm oil mill effluent 
treatment using a pond system. Water Science and Technology. 34(11), 119–123. 
 
Chong, N.M., Luong, M. and Hwu, C.S. (2010). Biogenic substrate benefits activated 
sludge in acclimation to a xenobiotic. Bioresource Technology. 104, 181-186. 
 
Chou, K.W., Tan, S.W., Morad, N., Tow, T.T., Kadir, M.O.A. and Ismail, N. (2016). 
Aerobic post-treatment of different anaerobically digested palm oil mill effluent 
(POME). International Journal of Environmental Science and Development. 7(7), 
511 – 515. 
 
Damayanti, A., Ujang, Z., Salim, M.R., Olsson, G. and Sulaiman, A.Z. (2010). 
Respirometric analysis of activated sludge models from palm oil mill effluent. 
Bioresource Technology. 101, 144-149. 
 
Davis, M.L. (2010). Water and Wastewater Engineering – Design Principles and 
Practice (Professional Edition). McGraw-Hill, USA. 
Department of Environment Malaysia (DOE), (2010a). Guidance Document on the 
Design and Operation of Industrial Effluent Treatment Systems, Specified in 
Regulation 5, Environmental Quality (Industrial Effluent) Regulation 2009. 2nd 





Department of Environment Malaysia (DOE). (2010b). Guidance Document on the 
Performance Monitoring of Industrial Effluent Treatment Systems, Specified in 
Regulation 9(a), Environmental Quality (Industrial Effluent) Regulation 2009. 3rd 
Edition. Department of Environment Malaysia. 
Department of Environment (DOE). (2015). Draft Environmental Quality (Prescribed 
Premises) (Crude Palm Oil Mill) Regulation. Federal Government Gazette. 
 
Descoins, N., Deleris, S., Lestienne, R. Trouve, E. and Marechal, F. (2012). Energy 
efficiency in wastewater treatments plants: Optimization of activated sludge 
process couples with anaerobic digestion. Energy. 41(1), 153-164. 
 
Dionisi, D. and Rasheed, A.A. (2018). Maximisation of the organic load rate and 
minimisation of oxygen consumption in aerobic biological wastewater treatment 
processes by manipulation of the hydraulic and solids residence time. Journal of 
Water Process Engineering. 22, 138-146. 
 
Droste, R.L. (1997). Theory and Practice of Waste and Wastewater Treatment. John 
Wiley & Sons, Inc. USA. 
Durai, G., and Rajasimman, M. (2011). Biological treatment of tannery wastewater – a 
review. Journal of Environmental Science and Technology. 4(1), 1-17. 
Ekama, G.A., Marais, G.v.R., Siebritz, I.P., Pitman, A.R., Keay, G.F.P., Buchan, L., 
Gerber, A. and Smollen, M. (1984). Theory, design and operation of nutrient 
removal activated sludge process. Water Research Commission. WRC Report 
No.TT16/84. 
 
El-Shorbagy, W., Arwani, A. and Droste, R.L. (2011). Optimal sizing of activated sludge 
process with ASM3. International Journal of Civil & Environmental Engineering. 
11(1), 19-33. 
 
El-Shorbagy., Radif, N.N. and Droste, R.L. (2013). Optimization of A(2)O BNR 
processes using ASM and EAWAG Bio-P models: model performance. Water 
Environment Research. 85(12), 2271-2284. 
 
Evans, A.E., Mateo-Sagasta, J., Qadir, M., Boelee, E. and Ipolito, A. (2018). 
Environmental Sustainability. 36, 20-27. 
 
Eze, V.C., Owunna, N. D. and Avoaja, D.A. (2013). Microbiological and 
Physicochemical Characteristics of Soil Receiving Palm Oil Mill Effluent in 
Umuahia, Abia State, Nigeria. Journal of Natural Sciences Research. 3(7).   
 
Fulazzaky, M.A., Nuid, M. and Muda, K. (2017). Mass transfer kinetics of biosorption of 
nitrogenous matter from palm oil mill effluent by aerobic granules in sequencing 
batch reactor. Environ Technol. 13, 1-11. 
Garcia-Mesa, J.J., Poyatos, J.M., Delgado, F. and Hontoria, E. 2010. The influence of 
biofilm treatment systems on particle size distribution in three wastewater treatment 
plant. Water Air Soil Pollution. 212, 37-49. 
107 
Garcia-Mesa, J.J., Poyatos, J.M., Delgado-Ramos, F., Munio, M.M., Osorio, F. and 
Hontoria, E. (2010). Water quality characterization in real biofilm wastewater 
treatment systems by particle size distribution. Bioresource Technology. 101, 8038-
8045. 
Ghangrekar M.M. (n.d.) Wastewater Management Course. NPTEL IIT Kharagpur Web 
Course. 
Gobi, K., Mashitah, M.D., Vadivelu, V.M., (2011). Development and utilization of 
aerobic granules for the palm oil mill (POM) wastewater treatment. Chemicals 
Engineering Journal.174, 213-220. 
 
Goswami, S. and Mazumder, D. (2015). Kinetic behavior of the activated sludge process 
used for treating composite chrome tannery wastewater. Polish Journal of 
Environmental Studies. 24(6), 2405 – 2409. 
Gerardi, M.H. (2006). Wastewater Bacteria. John Wiley & Sons, Inc. United States of 
America. 
Grady, C.P.L., Daigger, G.T. and Lim, H.C. (1999). Biological Wastewater Treatment 
(Second Edition, Revised and Expanded). Marcel Dekker, Inc. New York, USA. 
Gray N.F. (2004). Biological of Wastewater Treatment. Imperial College Press. 
Haider, H. and Ali, W. (2010). Effect of wastewater treatment on bio-kinetics of dissolved 
oxygen in River Ravi. Pakistan Journal of Engineering and Applied Sciences. 6, 
42-51. 
 
Haruna, H. and Nor-Anuar.A. (2014). Development and Utilization of Aerobic Granules 
for Soy Sauce Wastewater Treatment: Optimization by Response Surface 
Methodology. Jurnal Teknologi. 69(5), 31-37. 
 
Henze, M., Gujer, W., Mino, T. and Loosdrecht, M.V. (2000). Activated Sludge Models 
ASM1, ASM2, ASM2d and ASM3. IWA Scientific and Technical Report. IWA 
Publishing, London, UK.  
 
Hiser, L, L., and Busch, A.W. (1964). An 8-hour biological demand test using mass 
culture aeration and COD. Journal Water Pollution Control Federation. 36, 505-
516. 
 
Ho, C.C., Tan, Y.K. and Wang C.W. (1984). The distribution of chemical constituents 
between the soluble and the particulate fractions of palm oil mill effluent and its 
significance on its utilization/treatment. Agricultural Wastes. 11(1), 61-71. 
Hojjat, M., Mustapha, S.B. and Salleh, M.A.M. (2009). Optimization of POME anaerobic 
pond. European Journal of Scientific Research. 32(4), 455-459. 
 
Hreiz, R., Latifi, M.A., and Roche, N. (2015a). Optimal design and operation of activated 
sludge process: State-of-the art. Chemical Engineering Journal. 281, 900-920. 
 
108 
Hreiz, R., Roche, N., Benyahia, B. and Latifi, M.A. (2015b). Multi-objective optimal 
control of small-size wastewater treatment plants. Chemical Engineering Research 
and Design. 102, 345-353. 
 
Huan, K.L. (1987). Trials on long-term effects of application of POME on soil properties, 
oil palm nutrition and yields. In: Proceedings of the International Oil Palm, Palm 
Oil Conferences (eds.) Dr. B. Hj. Abdul Halim, Hassan Chew Poh Soon, B.J. 
Woond, Dr. E. PushParajah (eds.) 2, 575-598.  
Huo, S., Xi, B., Yu, H., Qin, Y., Zan, F. and Zhang, J. (2013). Characteristics and 
transformations of dissolved organic nitrogen in municipal biological nitrogen 
removal wastewater treatment plants. Environmental Research Letters. 8(044005). 
doi:10.1088/1748-9326/8/4/044005. 
Huzira, N. M., Azizb, M. M. A., Ismail, S. B.., Mahmooda, N. A. N., Umord, N. A. and 
Muhammada, S. A. F. S. (2019). Optimization of coagulation-flocculation process 
for the palm oil mill effluent treatment by using rice husk ash. Industrial Crops & 
Products. 39, 111482. 
Iskandar, M.J., Azizah Baharum, A., Anuar, F.H. and Othaman, R. (2018). Palm oil 
industry in South East Asia and the effluent treatment technology—A review. 
Environmental Technology & Innovation. 9, 169–185. 
Karahan, O., Dogruel, S., Dulekgurgen, E. and Orhon, D. (2008). COD fractionation of 
tannery wastewaters-particle size distribution, biodegradability and modelling. 
Water Research. 42(4-5), 1083-1092. 
Karia, G.L. and Christian, R.A. (2013). Wastewater Treatment – Concepts and Design 
Approach (Second Edition). PHI Learning Private Limited. Delhi, India. 
Kathiravale, S. and Ripin, A. (1997). Treatment of palm oil mill effluent using 
evaporation and adsorption techniques. Regional Symposium on Chemical 
Engineering.  
 
Krishnamoorthy, S., Premalatha, M. and Vijayasekaran, M. (2017). Characterization of 
distillery wastewater - an approach to retrofit existing effluent treatment plant 
operation with phycoremediation. Journal of Cleaner Production. 148, 735-750. 
 
Levine, A.D., Tchobanoglous, G. and Asono, T. (1991). Size distributions of particulate 
contaminants in wastewater and their impact on treatability. Water Research. 25(8), 
911-922. 
 
Liew, W.L., Kassim, M.A., Muda, K., Loh, S.K. and Affam, A.C. (2015). Conventional 
methods and emerging wastewater polishing technologies for palm oil mill effluent 
treatment: A review. Journal of Environmental Management. 149, 222-235. 
 
Lim, J.X. and Vadivelu, V.M. (2014). Treatment of agro based industrial wastewater in 
sequencing batch reactor: performance evaluation and growth kinetics of aerobic 
biomass. Journal of Environmental Management. 146, 271-225. 
109 
Limkhuansuwan V., Chaiprasert P. (2010). Decolorization of molasses melanoidins& 
Palm Oil Mill Effluent phenolic compound by fermentative lactic acid bacteria. 
Journal of Environmental Science. 22(8), 1209-1217. 
 
Liyanage, C.P. and Yamada, K. (2017). Impact of population growth on the water quality 
of natural water bodies. Sustainability. 9, 1405. 
 
Loh, S.K., Lai, M.E., Ngatiman, M., Lim, W.S., Choo, Y.M., Zhang, Z.J. and Salimon, J. 
(2013). Zero discharge treatment technology of palm oil mill effluent. Journal of 
Oil Palm Research. 25(3), 273-281. 
 
Loh, S.K., Nasrin, A.B., Azri, S.M., Adela, B.N., Muzzammil, N., Jay, T.D., Eleanor, 
R.A.S., Lim, W.S., Choo, Y.M. and Kaltschmitt, M. (2017). First report on 
Malaysia’s experience and development in biogas capture and utilization from palm 
oil mill effluent under the Economic Transformation Programme: Current and 
future perspective. Renewable and Sustainable Energy Reviews. 74, 1257-1274. 
 
Ma, A.N. and Ong, A.S.H. (1985). Pollution Control in Palm Oil Mills in Malaysia. Palm 
Oil Research Institute of Malaysia (PORIM). Journal of the American Oil 
Chemist’s Society (JAOCS). 63(2). 
 
Ma, A.N. (1999). Environmental Management for the palm oil industry. Palm Oil 
Development. 30, 1-10. 
 
Mamais D., Jenkins D., and Pitt P. (1993). A rapid physical-chemical method for the 
determination of readily biodegradable soluble COD in municipal wastewater. 
Water Research. 27(1), 195-197. 
 
Malakahmad, A., Lahin, F.A. and Yee W. (2014). Biodegradation of high – strength palm 
oil mill effluent (POME) through anaerobes partitioning in an integrated baffled 
reactor inoculated with anaerobic pond sludge. Water Air Soil Pollution. 225, 1883. 
 
Malaysia. (2017). Environmental Quality Act, 1974 (Act 127), Regulation, Rules & 
Orders. Environmental Quality (Prescribed Premises) (Crude Palm Oil) Regulation 
1977.  
Mardani, S., Mirbagheri, A., Amin, M.M. and Ghasemian. (2011). Determination of 
biokinetic coefficients for activated sludge processes on municipal wastewater. 
Iranian Journal of Environmental Health Science & Engineering. 8(1), 25-34. 
 
Marquet, R. Mietton-Peuchot, M. and Wheatly, A.D. (1999). Characterization of trickling 
filter effluent by particle size distribution and high-performance size exclusion 
Chromatography. Water Research. 33(6), 1415-1424. 
 
Mayo, A.W. and Abbas, M. (2014). Removal mechanism of nitrogen in waste 
stabilization ponds. Physics and Chemistry of the Earth. 72-75, 77-83. 
Ming, K.K., and Chandromohan, D. (2002). Malaysian palm oil industry at crossroad and 
its future direction. Oil Palm Industry Economic Journal. 2(2), 10-15. 
 
110 
Mohammed, R.R. and Chong, M.F. (2014). Treatment and decolorization of biologically 
treated palm oil mill effluent (POME) using banana peel as novel biosorbent. 
Journal of Environmental Management. 132, 237-249. 
 
Mohammed, R.R., Ketabchi, M.R. and Mckay, G. (2014). Combined magnetic field and 
adsorption process for treatment of biologically treated palm oil mill effluent 
(POME). Chemical Engineering Journal. 243, 31-42. 
 




MPOB, Malaysian Palm Oil Board. (2018b). Retrieved from 
http://bepi.mpob.gov.my/index.php/en/statistics/price/monthly.html. 
 
















MPOB, Malaysian Palm Oil Board. (2018g). Retrieved from 
http://bepi.mpob.gov.my/index.php/en/statistics/sectoral-status/190-sectoral-
status-2018/864-number-a-capacities-of-palm-oil-sectors-2018.html. 
Muda, K., Aris, A., Salim, M.R., Ibrahim, Z., Loosdrecht, M.C.M.V., Ahmad, A. and 
Nawahwi, M.Z. (2011). The effect of hydraulic retention time on granular sludge 
biomass in treating textile wastewater. Water Research. 45, 4711- 4721. 
 
Mullis, M.K., and Schroeder, E.D. (1971). A rapid biochemical oxygen demand test 
suitable for operational control. Journal of Water Pollution Control Federation. 
43(2), 209-215. 
 
Mutamim, N.S.A., Noor, Z.Z., Hassan, M.A.A. and Olsson, G. (2012). Application of 
membrane bioreactor technology in treating high strength industrial wastewater: a 
performance review. Desalination. 305, 1-11.  
 
111 
Najafpour, G., Yieng, H.A., Younesi, H. and Zinatizadeh, A. (2005). Effect of organic 
loading on performance of rotating biological contactors using palm oil mill 
effluents. Process Biochemistry. 40, 2879-2884. 
 
Najafpour, G., Sadeghpour, M. and Lorestani, A.Z. (2007). Determination of kinetic 
parameters in activated sludge process for domestic wastewater treatment plant. 
Chemical Industry and Chemical Engineering Quarterly. 13(4), 211-215. 
 
Neoh C.H. et al. (2012). Optimization of decolorization of Palm Oil Mill Effluent (POME) 
by growing cultures of Aspergillus fumigates using response surface methodology. 
Environmental Science Pollution Research. 20(5), 2912-23. doi: 10.1007/s11356-
012-1193-5. 
 
Nguyen, L.H. and Chong, N.M. (2015). Energy profiles of activated sludge degradation 
of xenobiotic compound. Chemical Engineering Transactions. 54, 1555 – 1560. 
NSTOnline (May, 2017). Celebrating 100 years of Malaysian palm oil (Part 1). New 




Economic Co-operation and Development (OECD) (2019). Economic Outlook for 
Southeast Asia, China and India 2019. OECD Publishing. Retrieved from 
http://dx.doi.org/10.1787/saeo-2019-en. 
Ohimain E.I., Izah S.C., Jenakumo N. (2013). Physiochemical and microbial screening 
of palm oil mill effluents for amylase production. Greener Journal of Biological 
Sciences. 3(8), 307 – 318. 
Okwute, L. O. and Isu, N. R. (2007). The Environmental Impact of Palm Oil Mill Effluent 
(POME) on some physicochemical parameters and total aerobic bioload of soil at a 
dump site in Anyigba, Kogi State, Nigeria. African Journal of Agricultural 
Research, 2(12), 656 - 662. 
Onyia, C.O., Uyub, A.M., Akunna, J.C., Norulaini, N.A. and Omar, A.K.M. (2001). 
Increasing the fertilizer value of palm oil mill sludge: bioaugmentation in 
nitrification. Water Science Technology. 44(10), 157-162. 
 
Pace, C.M. (1995). Measurement of high molecular weight polycyclic aromatic 
hydrocarbons in soils by particle beam high performance liquid chromatography-
mass spectrometry. Journal of American Society for Mass Spectrometry. 6, 597-
607. 
Paixao S.M., Baeta-Hall L., Anselmo A.M. (2000). Evaluation of two commercial 
microbial inocula as seed in a 5-day biochemical oxygen demand test. Water 
Environment Research Washington, D.C. 72(3). 
 
112 
Pan, S., Tay, J.H., He, Y.X. and Tay, S.T.L. (2004). The effect of hydraulic retention time 
on the stability of aerobically grown microbials granules. Letters in Applied 
microbiological. 38, 158:163. 
 
Park, J.K., Wang, J. and Novotny, G. (1997). Wastewater characterization for evaluation 
of biological phosphorus removal. Research Report (Wisconsin Department of 
Natural Resources). 174. 
 
Peavy, H.S., Rowe, D.R. and Tchobanoglous, G. (1985). Environmental Engineering 
(International Edition). McGraw-Hills Book Co., Singapore. 
Perez, M., Romero, L.I. and Sales, D. (2001). Organic matter degradation kinetics in 
anaerobic thermophilic fluidized bed bioreactor. Anaerobe. 7(1): 25-35. 
 
Poh, P.E. and Chong, M.F. (2014). Upflow anaerobic sludge blanket-hollow centered 
packed bed (UASB-HCPB) reactor for themophilic palm oil mill effluent (POME) 
treatment. Biomass and Bioenergy. 67, 231-242. 
 
Qasim, S.R. (1999). Wastewater Treatment Plants – Planning, Design, and Operation 
(Second Edition). CRC Press LLC. New York, USA. 
Ramalho R.S. (1977). Introduction to Wastewater Treatment Processes. Academic Press 
Inc. 
Rahman, A.K.A., Abdullah, R., Balu, N. and Shariff, F.M. (2013). The Impact of La Nina 
and El Nino events on crude palm oil prices: An econometric analysis. Oil Palm 
Industry Economic Journal.13(2), 38-51.  
Rasdy, N.F.A., Sanagi, M.M., Ibrahim, W.A.W. and Naim, A.A. (2008). Determination 
of polycyclic aromatic hydrocarbon in palm oil mill effluent by Soxhlet extraction 
and gas chromatography-flame ionization detection. The Malaysian Journal of 
Analytical Sciences. 12(1). 
 
Rifin, A. (2010). Export competitiveness of Indonesia’s palm oil product. Trends in 
Agriculture Economic. 3(1):1-8. 
 
Sadoff, C.M., Hall, J.W., Grey, D., Aerts, J.C.J.H., Ait-Kadi, M., Brown, C., Cox, A., 
Dadson, S., Garrick, D., Kelman, J., McCornick, P., Ringler, C., Rosegrant, M., 
Whittington, D., Wilberg, D. (2015). Securing Water, Sustainable Growth: Report 
of the GWP/OECD Task Force on Water Security and Sustainable Growth. 
University of Oxford, UK.  
 
Samudro, G. and Mangkoedihardjo, S. (2010). Review on BOD, COD and BOD/COD 
ratio: A triangle zone for toxic, biodegradable and stable levels. International 
Journal of Academic Research. 2(4), 235-239. 
 
Schuyler, R.G. (2010). Activate Sludge Process Control Troubleshooting Chart (Second 
Edition). Tetra Tech, Inc. Colorado, USA. 
 
113 
Sheikh, R.E., Gouda, A.A., Salem, A. and Hendy, I. (2016). Analysis and characterization 
of wastewater nitrogen components for using in wastewater modeling and 
simulation. International Journal of Advanced Research in Chemical Science. 3(5), 
28-36. 
Shun D.L. (2014). Water and Wastewater Calculations Manual. The McGraw-Hills 
Education. 
Singh, B. (2004). Determination of BOD kinetic parameters and evaluation of alternate 
methods. Master Thesis. Thapar Institute of Engineering & Technology, India. 
 
Song, Y.J., Xie, Y.B. and Yudianto, D. (2012). Extended activated sludge model no.1 
(ASM1) for simulating biodegradation process using bacterial technology. Water 
Science and Engineering. 5(3), 278-290. 
 
Sophonsiri, C. and Morgenroth, E. (2004). Chemical composition associated with 
different particle size fractions in municipal, industrial, and agricultural 
wastewaters. Chemosphere. 55: 691-703. 
 
Tabassum, S., Zhang, Y.J. and Zhang, Z.J. (2015). An integrated method for palm oil mill 
effluent (POME) treatment for achieving zero liquid discharge – A pilot study. 
Journal od Cleaner Production. 95, 148-155. 
 
Taha, M.R. and Ibrahim, A.H. (2014). COD removal from anaerobically treated palm oil 
mill effluent (AT-POME) via aerated heterogenous Fenton process: Optimization 
study. Journal of Water Process Engineering. 1, 8-16.  
 
Tchobanoglous, G., Burton, F.L. and Stensel, H.D. (2004). Wastewater Engineering 
Treatment and Reuse (Fourth Edition). Metcalf & Eddy Inc., McGraw-Hills 
Education, New York, USA. 
 
Teng, T.T., Wong, Y.S., Ong, S.A., Norhashimah, M. and Rafatullah, M. (2013). Start-
up operation of anaerobic degradation process for palm oil mill effluent in 
anaerobic bench scale reactor (ABSB). Procedia Environmental Sciences. 18, 442-
450. 
Tintometer Gmbh. (May, 2015). The importance of Biochemical Oxygen Demand (BOD) 
in the water analysis sector. Retrieved from http://www.envirotech-online.com.  
Tran, N.H., Hgo, H.H., Urase, T. and Gin, K.Y.H. (2015). A critical review on 
characterization strategies of organic matter for wastewater and water treatment 
processes. Bioresource Technology. 193, 532-533. 
Vesilind, P.A., Pierce, J.J. and Weiner, R.F. (1998). Environmental Pollution and 
Control, Butterworth-Heinemann, Boston, Mass, USA. 
Vijayaraghavan, K., Ahmad, D., Ezani Bin Abdul Aziz, M. (2007). Aerobic treatment of 
palm oil mill effluent. Journal of Environmental Management. 82, 24-31. 
 
Wang, M., and Chen, Y. (2018). Generation and characterization of DOM in wastewater 
treatment processes. Chemosphere. 201, 96-109. 
114 
Wang, S., Zhang, X., Wang, Z.W., Li, X. and Ma, J. (2014). In-depth characterization of 
secondary effluents from a municipal wastewater treatment plant located in 
northern China for advance treatment. Water Sci. Technol. 69, 1482-1488. 
Water Environment Federation (WEF). (2008). Operation of Municipal Wastewater 
Treatment Plants, Manual of Practice No.11, Volume II: Liquid Processes (Six 
Edition). Water Environment Federation, McGraw-Hills, New York, USA. 
Water Environment Federation (WEF). (2010). Design of Municipal Wastewater 
Treatment Plants (Fifth Edition). Volume 2: Liquid Treatment Processes. Water 
Environment Federation, McGraw-Hills, Alexandria, Virginia. USA. 
Wentzel M.C., Mbewe A., Lakay M.T., Ekama G.A. (1999). Batch test of 
characterization of the carbonaceous materials in municipal wastewater. Water SA. 
25(3). 
Wu, T.Y., Mohammad, A.W., Jahim, J.M. and Anuar, N. (2010). Pollution control 
technologies for the treatment of palm oil mill effluent (POME) through end-of-
pipe processes. Journal of Environmental Management. 91, 1467-1490. 
 
Wu, W., Wu, P., Yang, F., Sun, D.L., Zhang, D.X. and Zhou, Y.K. (2018). Assessment 
of heavy metal pollution and human health risks in urban soils around an electronic 
manufacturing facility. Science of the Total Environment. 630, 53-61. 
 
Yacob, S., Hassan, M.A., Shirai, Y., Wakisaka, M. and Subahs, S. (2005). Baseline study 
of methane emission from open digesting tanks of palm oil mill effluent treatment. 
Chemosphere, 59, 1575-1581. 
 
Yamashita, T. and Ikemoto, R.Y. (2014). Nitrogen and phosphorus removal from 
wastewater treatment plant effluent via bacterial sulfate reduction in an anonix 
bioreactor packed with wood and iron. International Journal of Environmental 
Research and Public Health. 11, 9835 – 9853. 
Yu, H., Song, Y., Liu, R., Pan, H., Xiang, L. and Qian F. (2014). Identifying changes in 
dissolved organic matter content and characteristics by fluorescence spectroscopy 
coupled with self-organizing map and classification and regression tree analysis 
during wastewater treatment. Chemosphere. 113, 79-86. 
Zainal, N.H., Jalani, N.F., Mamat, R. and Astimar, A.A. (2017). A review on the 
development of palm oil mill effluent (POME) final discharge polishing treatments. 
Journal of Oil Palm Research. 29(4), 528-540. 
 
Zakariah, Z. (2019, March 4). Malaysia to export US$891M palm oil to China. New 
Straits Time. Retrieved from http://www.nst.com.my. 
 
Zharim, A.Y., Rachel, F.M. Menaka, S. Su, S.Y., Melvin, F. and Chan, E.S. (2009). 
Decolourisation of anaerobic palm oil mill effluent via activated sludge-granular 




Zielinska, M., Bernat K., Cydzik-Kwiatkowska, A. and Wojnowska-Baryla, I. (2012). 
Respirometric Activity of Activated Sludge in Sequencing Batch Reactor 
Depending on Substrate and Dissolved Oxygen Concentration. Environmental 
Protection Engineering. 38(2). 
